The DL-norvaline was electrochemically oxidized and deposited on the glassy carbon electrode surface using cyclic voltammetry (CV). The modified electrode was examined for electrochemical oxidation of hydroquinone (HQ) and catechol (CC). It exhibited good electrocatalytic ability towards their oxidation and simultaneous determination in a binary mixture using differential pulse voltammetry (DPV). The peak currents were linear to the concentration of HQ and CC, in the range from 5 µM to 100 µM, and 40 µM to 140 µM, respectively. The determination limits(S/N = 3) for HQ and CC were 1 µM and 0.8 µM, respectively. The obtained modified electrode was applied to simultaneous detection of HQ and CC in water sample.
Introduction
The electrooxidation of amino acids has been a potential area for intensive investigation. Their uses as a monomer or a polymer for modification of several electrodes have been increasingly used in analytical applications. Among several electrode materials, glassy carbon electrodes (GCEs) have been widely used. The biocompatibility, the low residual current over a wide range and the minimal chances to show deteriorated response [1] [2] [3] of GCE are some advantages of other electrodes. Several reported studies have involved electrochemical oxidation of L-cysteine, 4, 5) valine, 6) glycine, 7) glutamic acid, 8) phenylalanine, 9) and L-aspartic. 10, 11) Most of these studies have modified the GCE surface and therefore have been used to reduce the overvoltage, overcome the slow kinetics of many electrode processes and determination of one species as an analytical application. Norvaline an amino acid C 5 H 11 NO 2 isomeric with valine and usually made synthetically. It is not found in proteins but has several significant applications in biological systems. 12) However; no report is available concerning the oxidation of Dl-norvaline or its uses as electrode modifying material for electroanlytical applications so far. Thus, the oxidation of DL-norvaline and its single deposition or polymerization on the GCE is concerned in this study. The modified electrode was investigated towards the electrochemical oxidation of hydroquinone (HQ) and catechol (CC). These two isomers of dihydroxybenzene have been extensively studied due to their biological and environmental importance. [13] [14] [15] They are high toxic and low degradable materials in the ecological environment. 16 ) Their human uptake can induce some diseases such as renal tube degeneration and liver function decrease.
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Mahmoud M. Kamel their determination using several methods has been widely investigated. [18] [19] [20] [21] Chemically modified electrodes (CMEs) as one of the exciting developments in the field of electroanlysis have been exploited for the simultaneous determination of such isomers without previous separations. [22] [23] [24] Recently, using of amino acids as a modifier for GCE has been applied for the directly simultaneous determination of HQ and CC.
7-9)
Hence, an attempt for simultaneous determination of HQ and CC using the Dl-norvaline GCE will be performed and the electrode response will be compared with other modified electrodes.
Experimental

Materials and reagents
DL-norvaline, hydroquinone, catechol, di-potassium hydrogen orthophosphate anhydrous, and potassium dihydrogen orthophosphate monohydrate were of analytical grade and obtained from Aldrich. Phosphate buffer solutions of different pH values were prepared using anhydrous di-potassium hydrogen phosphate and potassium di-hydrogen phosphate monohydrate.
DL-norvaline, hydroquinone, and catechol solutions were prepared by dissolving the appropriate amount at the desired phosphate buffer solution according to experimental conditions.
Apparatus and procedure
Electrochemical experiments (Cyclic Voltammetry and differential pulse voltammetry) were carried out with an EG&G PAR 273A potentiostat using 250-270 electrochemical analysis software, manufactured by Princeton Applied Research, NJ, USA. All the experiments were carried out in a conventional electrochemical cell. The electrode system contained a glassy carbon working electrode (2-mm diameter), a platinum wire counter electrode and Ag/AgCl electrode served as the reference electrode. All measurements were carried out at room temperature. Prior to each experiment, the glassy carbon electrode was first polished with 0.05 µm alumina in a water slurry using a polishing cloth and rinsed with 1:1 HNO 3 , acetone and water, respectively.
Modification procedure
After rinsing with water, the electrode was placed in a solution containing 0.01 M DL-norvaline in 0.2 M phosphate buffer (pH7.4) which was previously de-aerated with high purity nitrogen for 10 min. The electrode was treated with cyclic scanning between −0.5 and 1.8 V at a scan rate of 100 mV s , for ten cycles. The electrode was taken out and rinsed with water to remove any unreacted materials from the electrode surface. Scanning electron microscope (SEM) images were performed by JEOL-TSM 5400LV Scanning electron microscope, Japan.
Results and Discussion
Oxidation of DL-Norvaline at the GCE surface
The chemistry of amino acids consist transformation of functional groups already present in these molecule. Ions of amino acids that only contain hydrocarbon moieties have not been subjected to chemical reaction due to inertness of the hydrocarbon chain comparing to the high reactivity of the functional groups.
25) DL-norvaline is one of synthetic α-amino acid which is oxidized through NH 2 group and it is prone to adsorption on the electrode surface. Adsorption phenomena on GCE surface are very common with many organic molecules, in particular, polar organic molecules. [26] [27] [28] According to literature, 29) the prospected oxidation mechanism of Dl-norvaline and its adsorption occur through one-electron oxidation of the amino group turns into its corresponding cation radical. These obtained cation radicals form carbonnitrogen links at the carbon electrode surface as indicated below.
Cyclic voltammograms for the consecutive ten cycles of the DL-norvaline oxidation are shown in Fig. 1 . At the first cycle; two anodic peaks are observed. The first anodic peak at about 0.2 V is attributed to the background or charging current in the PBS supporting electrolyte. This result is confirmed by recording a cyclic voltamme-
try of GCE in 0.2 M phosphate buffer (pH5) supporting electrolyte without DL-norvaline as shown in Fig. 2 . A similar oxidation peak at around 0.225 V referring to charging current is observed. The obtained charging current is due to the surface faradic reaction of redox active oxides that forms a pseudo capacitance. 30, 31) The formation of such carbon-oxides is generally consequent to polishing the electrode surface. McCreery et al. 32) have reported that conventional polishing of GCE in Al 2 O 3 / Nanopure slurries produced a 8-15% O/C ratio. Results show also that the first peak successively decreases with increase in the number of potential cycles until it disappears. According to Frysz et al. 33) high capacitance is often associated with high surface roughness and high concentration of oxygen-containing functional groups. Hence, the sequentially diminution of the first peak is due to the progressively deposition and covering the electrode surface by DL-norvaline as indicated by SEM images (Fig. 3) . Another anodic peak current at around 1.65 V is caused by the oxidation of Dl-norvaline. This peak completely disappears after the first potential scan which proves the binding of the molecule to GC surface.
The SEM micrographs of the obtained modified GCE that are shown in Fig. 3 confirm the upper mentioned discussion. Separate miniature monoliths of needle nature shapes are observed implying that the polymerization is not obtained and the only DL-norvaline and its oxidation product are deposited. HQ at the bare electrode is observed as broad and overlapped peaks. On the other hand, on the DL-Norvaline modified GCE, well defined oxidation peak at potential 0.219 V and reduction peak at 0.153 V with ∆Ep = 0.066 V are observed. Note also the enhanced sensitivity in comparison with the bare electrode is observed (e.g., current enhancement of 4). According to these results, the DL-Norvaline modified GCE shows good electrocatalytic ability for oxidation of HQ. Here, this ability is certainly due to the adsorbed Dl-norvaline layer on GCE and not related to an electrochemical oxidation of the electrode surface associated during experiment. Such conclusion can be demonstrated by comparing cyclic voltammograms of DL-norvaline modified GCE with the oxidized surface modified GCE electrode 34) in phosphate buffer. A couple of well-defined and reversible redox peak has been observed for the oxidized surface modified GCE electrode, 34) while the DL-norvaline modified GCE is electro inactive and no redox peak is obtained. The lack of a redox peak in case of the DL-norvaline modified GCE proves that the electrocatalytic effect is particularly due to the adsorbed Dl-norvaline layer which performs as a promoter. This conclusion is quite similar to that obtained in cases of the glassy carbon modification by other amino acids. [7] [8] [9] 3.3. Influence of scan number and pH values of phosphate buffer (0.2 M) on electrochemical synthesis of Dl-norvaline modified GCE.
The voltammetric response of the HQ oxidation at modified GCE obtained at different scan numbers (2, 4, 8, 10 , and 15 cycles) is investigated. Results (not shown) indicate that the magnitude of HQ oxidation current slightly increases as increasing of the scan number. The maximum oxidation current is obtained at 10 cycles and no significant increase of current with further cycles. It has been reported that the repeated potential application would promote the build-up of deposited layers of compounds and its oxidation products. [7] [8] [9] 35, 36) . However, obtaining lower current values is probably due to the difficulty of the build-up of adsorbed layers as well as polymerization. This observation is attributed to the fact that the modification of a GC electrode with amine-containing compound suggests that diffusion rates as well as steric effects are most significant factors affecting the immobilization of amine-containing compounds at GC electrode surface.
37) The varying of the 0.2 M PBS pH (4-8) shows also a slight increase of the HQ oxidation current value as increasing of pH value up to pH 7.4 which represents the high current value.
Voltammetric behavior of CC at DL-Norvaline modified GCE
The oxidation of CC at the bare electrode shows a broad oxidation peak at potential of 0.372 V and broad as well overlapped reduction peak (Fig.5, curve a) . While, the redox peaks of CC at the DL-Norvaline modified electrode can be observed clearly (Fig. 5,  curve b) . The oxidation peak potential negatively shifts to 0.309 V and a single reduction peak is depicted at 0.257 V giving ∆Ep = 0.052 V. Note also the enhanced sensitivity in comparison with the bare electrode is observed (e.g., current enhancement of 4). Hence, the DL-Norvaline modified electrode exhibits the similar electrocatalytic effect for the electrochemical oxidation of CC. 
Voltammetry of HQ and CC at DL-norvaline modified GCE at different pH value
The effect of pH supporting electrolyte on the electrochemical behaviors of HQ and CC is investigated in the pH value range from 4 to 8. Fig. 6a shows the cyclic voltammograms of 0.1 mM HQ (curve A) and CC (curve B) at the modified electrode, respectively in different 0.05 M PBSs. The relationship between the peak potential and pH is illustrated in Fig. 6b . With increasing pH, both anodic and cathodic peak potentials decrease linearly. The linear regression equations of HQ and CC are listed in Table 1 . The slopes of the 4 regression equations are close to the theory value of 58.5 mVpH 1 for the electrode reaction process of equal electron and proton, [38] [39] [40] indicating that the electrode process of HQ and CC at the modified electrode should be a two electrons and two protons process. Fig. 6c shows the dependence of anodic peak currents of HQ and 
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Effect of scan rate
Cyclic voltammograms with different scan rates at the DL-norvaline modified GCE in 0.05 M PBS solution(pH 5.0) containing 0.1 mM HQ(curve A), and 0.1 mM CC(curve B) are shown in Fig. 7a . With increasing scan rate from 0.02 to 0.400 V/s, all the redox peak currents of HQ and CC increase linearly with the square root of the scan rate (ν 1/2 ) as shown in Fig. 7b . The linear regression equations of peak currents (I pa or I pc ) versus ν 1/2 are listed in Table 2 . The good linearity indicates that the electrode process of HQ and CC is a typical diffusion-controlled process.
Simultaneous Determination HQ and CC
Cyclic voltammetry and differential pulse voltammetry are applied to evaluate the sensitivity and selectivity of the modified electrode for the quantification of HQ and CC. The individual determination of HQ, or CC in their mixtures is carried out when the concentration of one species changes whereas the other species remains constant. Fig. 8A shows the CVs obtained for the binary mixtures of 0.1 mM HQ and 0.1 mM CC at the bare and the DL-Norvaline modi- and hence, the bare electrode can't separate the voltammetric signals of HQ and CC. The fouling of the electrode surface by the oxidation products resulted in a single voltammetric peak for HQ and CC. Therefore Table 3 . It can be seen from the table that the proposed method shows fair linear range and acceptable detection limit comparing with others.
3.8. Reproducibility and stability of. DL-Norvaline modified electrode.
The reproducibility for five DL-Norvaline modified electrode is investigated by comparing the DPV peak current of 50 µM HQ, and CC in a mixed solution. The relative standard deviation (RSD) is 2.22% for HQ, and 4.2% for CC, indicating an acceptable reproducibility. Additionally, the stability of the doped electrode is also tested. The results show that the peak currents remain 96% of their initial values after the electrode was kept for 15 days.
Sample Analysis.
The assessment of the proposed method in direct simultaneous determination of HQ and CC in synthetic sample consisting of HQ and CC in local tap water is tested.
The determination of HQ and CC in the samples is carried out using DPV at the DL-Norvaline modified electrode in 0.05 M PBS (pH 5). The results are listed in Table 4 . no obvious oxidation signal is observed for 
Conclusion
DL-norvaline was oxidized and partially deposited on the surface of GCE. The modified electrode was examined for voltammetric studies of HQ and CC. The modified electrode showed fast electron transfer, excellent sensitivity and good separation for oxidation peaks of HQ and CC, which were indistinguishable at the bare electrode. However, the present modified electrode showed fairly good results for simultaneous determine of HQ and CC, more efforts will be done for enhancing its response in the next studies.
